The article aims to 1) describe the distribution of non-native species of vascular plants (only kenophytes, i. e. naturalized species introduced after the 15th century) in different types of forests and different biogeographical regions of Ukraine; 2) compare proportions of kenophytes in forests of different areas; 3) detect statistically significant changes in the occurrence of kenophytes over the last 80 years. The material consists of 2701 relevés sampled in 1990-2018. They were taken from Ukrainian phytocoenological publications and databases. In Ukraine, as in other European countries, the highest proportion of kenophytes (percentage of species number per relevé) is in floodplain forests (up to 9.1% in willow and poplar forests). The lowest proportion is characteristic for bog woods (0%) and most types of mountain forests. Among biogeographical regions, the highest values were found in the flatland areas of the Steppic region and the forest-steppe part of the Continental region. The most frequent species are Impatiens parviflora (predominantly in broadleaved woods, absent in relevés from the steppic biogeoregion) and Erigeron canadensis (pine woods on sand). Comparison with 1466 older relevés sampled in 1950-1989 allows us to make a conclusion that the proportion of kenophytes increased at least in one habitat type (oak-hornbeam forests).
Introduction
Phytosociological relevés are an important source of information about ecological preferences of species, their geographical distribution and dynamics. In recent decades some studies were published that show geographical and ecological patterns of alien species on the basis of phytocoenological data. The study areas were the Czech Republic (Chytrý at al. 2005) , Catalonia (Vila et al. 2007 ), the Basque Country (Campos et al. 2013) , Slovakia (Medvecká et al. 2014 ) and Slovenia (Küzmič & Šilc 2017) . Chytrý et al. (2008) performed a comparison of plant invasions for three areas of Europe (the Czech Republic, Catalonia, Great Britain) that represent three biogeographical regions (Continental, Mediterranean, Atlantic) . Estimations in the aforementioned articles were made for classes and alliances of vegetation or for EUNIS level 2 habitats (Davies et al 2004, EUNIS habitat …) . According to these studies the lowest proportions of aliens in all regions are in bogs, mires, alpine and subalpine grasslands, heaths on poor soils. The highest proportions are found in synanthropic vegetation, marine coastal habitats, standing inland waters (only kenophytes), sedge and reed beds, riverine shrubs. Wagner et al. (2017) published the assessment of plant invasions in European forests that is based on the analysis of 83,396 relevés from the European Vegetation Archive (Chytrý at al. 2016 (Chytrý at al. ) sampled in 1970 (Chytrý at al. -2015 . The assessment was made for habitat types of the revised version of EUNIS habitat classification (Schaminée et al. 2014) . These habitat types approximately correspond to level 3 or 4 habitats of the official EUNIS habitat classification. All analyses were performed only for kenophytes (naturalized species introduced voluntarily or involuntarily after the 15th century). Archaeophytes (introduced before the end of the 15th century) were excluded from consideration because the status of archaeophytes is poorly known in some countries. The highest proportion of kenophytes was found in riparian woods. The lowest proportions were in mountain forests and mire woodlands. The most frequent kenophytes of European woods turned out to be Impatiens parviflora (21.1% of total frequency of kenophytes), Padus serotina (8.8%), Robinia pseudoacacia (7.5%). The highest number of occurrences of kenophytes belongs to phanerophytes and therophytes (for native species hemicryptophytes and phanerophytes). Species originating in Europe constitute 47% of the total number of kenophytes in European woods, and their total frequency is 22% of total frequency of kenophytes.
The distribution of relevés used in the article by Wagner et al. (2017) has a strong geographic bias: Ukraine, Belarus, Moldova, Georgia, Armenia, Azerbaijan and European Russia occupy 49% of the study area but they are represented only by 1% of the total number of relevés. We made the assessment of occurrences of kenophytes in forests of Ukraine using a higher number of relevés. A more narrow geographical scope allows using the results for comparisons between regions of Europe. The analysis for the territory of Ukraine, even without comparison with other countries, may reveal some geographical patterns because Ukraine comprises parts of four biogeographical regions and measures about 1300 km in length. At present there is no information in literature about the level of invasion in forests of the Steppic biogeographical region of Europe. In other bioregions of Europe, estimations were carried out only at higher levels of habitat classifications.
Presence of 40 alien invasive species within plant communities of Ukraine at the level of alliances of vegetation without quantitative estimations was described in article by Abduloyeva & Karpenko (2009) .
The aim of the present study is to describe the frequency of kenophytes in forest types and different biogeographical regions of Ukraine, and to compare the results with published data on the subject from other areas.
Materials and methods
The study area includes the entire territory of Ukraine. According to the data on the European Environment Agency website (Europe's biodiversity ... 2018) Ukraine comprises parts of four European biogeographical regions: Alpine, Continental, Pannonian and Steppic. Two regions (Continental and Steppic) were subdivided according to the geobotanical subdivision of Ukraine in the National Atlas of Ukraine (2008) (Figure 1 ).
The relevés for the analysis were taken from the database EU-UA-006 "Vegetation Database of Ukraine and of their natural range or in clearly unnatural conditions and natural woods of non-native species), 2) relevés that have no species data obtained in period May 15 -August 31, 3) relevés that could not be unequivocally assigned to either habitat type. The area of the relevés varies from 100 to 2500 m 2 , predominantly 400-900 m 2 . This parameter was not used in relevé filtering. Some analyses showed that the effect of plot size on the proportion of species is negligible (Chytrý et al. 2005 , Vilà et al. 2007 ). The final number of relevés was 2701. In order to compare the current frequency of kenophytes with their frequency in previous decades 1466 relevés sampled in 1950-1989 were used (Bukhalo 1962 , Grygora et al. 2005 , Vorobyov et al. 2008 . Old relevés were not sampled in the same areas as the relevés from 1990-2018. This reduces the possibility of comparison of two sets of data.
The names of species follow the database Euro+Med (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) (2017) (2018) . Residence statuses of species (whether a species is a kenophyte or not) were taken from Ukrainian publications (Protopopova 1991 , Mosyakin & Yavorska 2003 , Bagrikova 2013 , Solomakha et al. 2015 
Results
Selected relevés were referred to 17 habitat types of the modified EUNIS classification (Table 1) . Mean proportion of kenophytes for all relevés is 1.13%, mean weighted proportionally to habitat areas is 1.02%. A total of 62 kenophytes are present in the dataset. Their distribution along habitat types is shown in Table 2 . The most frequent kenophytes in Ukrainian woods are Impatiens parviflora (20.6% of the sum of kenophytes constancies), Erigeron canadensis (14.8%), Prunus serotina (9.4%),
Quercus rubra (7.9%), Acer negundo (7.7%), Erigeron annuus (3.8%), Robinia pseudoacacia (3.4%). Impatiens parviflora is the most frequent kenophyte in the Continental, the Alpine and the Pannonian biogeographical regions. It is not present in forest relevés from the Steppic biogeographical region. Erigeron annuus is present only in relevés from the Continental and the Alpine biogeographical regions.
The largest average proportion of kenophytes in relevés (9.1%) is peculiar to G1.1 "Floodplain Salix-and Populusdominated woods" (Figure 2 ). Other habitats with high proportions of kenophytes are G1.2a "Alnus woodland on riparian and upland soils" (2.3%) and G1.2b "Temperate and boreal hardwood riparian woodland" (3.1%). Kenophytes are not present in relevés of coniferous bog woodlands (G3.Da), acidophilous beech forests (G1.6b), mountain pine forests (G3.2, G3.4b). A very low proportion is in G3.1a "Temperate mountain Picea woodland" (0.03% Major kenophytes of habitat G1.1 are Acer negundo (constancy 39%), Amorpha fruticosa (36%), Bidens frondosus (17%). These species often have high cover (Figure 3) . Mean cover of Acer negundo in relevés of G1.1 with the presence of the species is 8%, Acer negundo -7%, Bidens frondosus -3%. These species are frequent also in other types of hygrophilous broadleaved forests (G1.2a, G1.2b), however the most frequent kenophyte in these habitats is Impatiens parviflora (constancy 22% and 46%, mean cover 20% and 18% respectively). The typical habitats of G1.4 "Broadleaved swamp woodland on non-acid peat" are probably poor in kenophytes. The available relevés represent mainly forests that are transitional to G1.2a. The most frequent kenophyte of mesic eutrophic broadleaved forests (G1.6a, G1.Aa, G1.Ab) is Impatiens parviflora (constancy in these habitats 5%, 8%, 17%, mean cover 0.1%, 7%, 1% respectively). In habitat G1.7a "Temperate and submediterranean thermophilous deciduous woodland", Impatiens parviflora also holds the first position (constancy 19%, mean cover 4%). In addition, this habitat has significant constancies of Acer negundo, Amelannchier spicata, Erigeron canadensis, Prunus serotina. The most frequent kenophytes of habitat G3.4a "Temperate and continental Pinus sylvestris woodland" are Erigeron canadensis (9%) and Prunus serotina (5%, only in relevés from Kyiv). The relevés from mountain regions have the smallest proportion of kenophytes (Table 3 ). In the flatland part of Ukraine, higher proportions are characteristic of the Steppic biogeographical region and the forest-steppe part of the Continental biogeographical region.
Viktor Onyshchenko Kenophytes in different forest types of Ukraine
Figure 4: Proportions of kenophytes in geographical groups of relevés (total and in habitats G1.1, G1.2a, G1.2b, G1.4. G1.6a, G1.6b, G1.7a). Slika 4: Delež kenofitov v geografskih skupinah popisov (skupno in v habitatnih tipih G1.1, G1.2a, G1.2b, G1.4. G1.6a, G1.6b, G1.7a).
Figure 5: Proportions of kenophytes in geographical groups of relevés (habitats G1.8, G1.Aa, G1.Ab. G3.1a, G3.1b, G3.2, G3.4a, G3.4b). Slika 5: Delež kenofitov v geografskih skupinah popisov (habitatni tipi G1.8, G1.Aa, G1.Ab. G3.1a, G3.1b, G3.2, G3.4a, G3.4b). 
Discussion
In general, the distribution of proportions of kenophytes by different forest types of Ukraine is similar to that of the same forest types of entire Europe presented in the article by Wagner et al. (2017) . Habitats with the highest number of relevés and largest occupied areas (G1.6a, G1.A1, G3.4a) have close values in Ukraine and Europe. Most kenophyte-rich alluvial, moist and swampy eutrophic forests (G1.1, G1.2a, G1.2b, G1.4) in Ukraine have almost twice as high proportions of kenophytes than forests of the same types from Europe. The main discrepancies are in thermophilous deciduous forests G1.7a, acidophilous beech forests G1.6b and acidophilous oak forests G1.8. A lower frequency of kenophytes in Ukrainian forests of G1.6b can be explained by the fact that this habitat is rare in flatland areas of Ukraine and that all relevés were sampled in the mountains. The proportion of kenophytes in habitat G1.7a from Ukraine is higher than in the same habitat in Europe because in Ukraine this habitat is presented only by relevés from the flatland part of Ukraine with a high proportion of relevés from urbanized areas.
The mean value for all relevés is somewhat higher for Ukraine (1.1%) than for Europe (0.9%). One of the reasons for this difference may be that Ukrainian relevés were sampled more recently.
Some data from literature show that the proportion of non-native species in forests of southern Europe is lower than in forests of more northern areas of the Atlantic and the Continental biogeographical regions. According to the results of Chytrý et al. 2008 the proportion of neophytes in deciduous and mixed deciduous-coniferous forests of Catalonia (the Mediterranean biogeoregion) is much lower (0.2%) than in the same group of forests in the Czech Republic (the Continental biogeoregion, 1.0%) and Great Britain (the Atlantic biogeoregion, 3.1%). For coniferous forests, these values are 0.0%, 0.4% and 24.8% respectively. Low proportions of neophytes were found also in Slovenian forests (0.5% in deciduous and 0.1% in coniferous forests) (Küzmič & Šilc 2017) . In Ukraine, the lowest proportion (0.0%) was found in the Crimean Mountains that are the southernmost part of the country. This area formally belongs to the Steppic biogeoregion, but its vegetation has more in common with that of the northern parts of the Mediterranean biogeoregion. According to the floristic data (Bagrikova 2013 , Yena 2012 , in Crimea, frequent kenophytes of Ukrainian forests are absent or rare, less naturalized and more recently established. The "true" steppic zone (the flatland part of the Steppic biogeoregion), on the other hand, has the highest proportion of kenophytes (3.1%). In the relevés from the Steppic biogeoregion including the Crimean Mountains, the most frequent forest kenophyte of Ukraine and Europe Impatiens parviflora is not present.
In order to detect changes in the proportion of kenophytes over the last few decades, 1498 older relevés sampled in 1950-1989 were analyzed. They correspond to 8 habitat types. For most of them, a comparison of proportions of kenophytes cannot be made for two reasons: 1) absence of relevés of the habitat sampled in one of two time periods (only "new" or only "old" data), 2) "old" and "new" relevés represent different areas. Only habitat G1.Aa "Carpinus and Quercus mesic deciduous woodland" has large number of "old" and "new" relevés from the same area. This area comprises central and western parts of the forest-steppe subregion and adjacent areas of the deciduous forests region of Western Ukraine. Two variants of selection of "new" relevés from this area were used: with and without relevés from Kyiv that have a high proportion of kenophytes. The results of the comparisons Viktor Onyshchenko Kenophytes in different forest types of Ukraine are in Table 4 . The data does not satisfy the assumption of normality so it was tested with nonparametric MannWhitney U test with adjustment for t[[ies. The null hypothesis about equal kenophyte proportions in "old" and "new" relevés was rejected at the 1.63% significance level when "new" data did not include relevés from Kyiv and at the 0.00% level for dataset with relevés from Kyiv. In other words, the increased proportion of kenophytes is statistically reliable in both variants of comparison. In fact, the result is a little less certain because of possible differences in data sampling by different researchers. 
